Sequence-specific binding of DNA by the EcoRV restriction and modification enzymes with nucleic acid and cofactor analogues.
The DNA-binding properties of the EcoRV restriction endonuclease and modification methyltransferase with their recognition sequence (GATATC) were analyzed using the electrophoretic band-shift assay. It has previously been observed that the endonuclease does not bind specifically to GATATC sequences in the absence of the essential cofactor Mg2+. To investigate any possible roles for Mg2+ in promoting specific DNA binding, a set of hydrolysis-resistant oligonucleotide substrates were synthesized that contained either phosphate (phosphorothioate, 3'-S-phosphorothiolate), sugar (4'-thiothymidine), or base (7-deaza-2'-deoxyadenosine) modifications. However, it was found that none of these were specifically bound by the endonuclease in either the absence or the presence of Mg2+. In contrast, the methylase bound to GATATC sequences much more strongly than to nonspecific sites, and it was possible to observe the formation of enzyme--DNA complexes by gel retardation. Binding to GATATC sequences was increased by the addition of sinefungin, a nonreactive analogue of the essential cofactor S-adenosyl-L-methionine (AdoMet). Presumably this also occurs with AdoMet although methylation and turnover prevented its direct observation. In the presence of sinefungin the strongest binding was observed with hemimethylated EcoRV sequences (Kd = 11-13 nM), and unmethylated DNA was bound less well (Kd = 46 nM). Specific, albeit weaker binding was also seen with the dimethylated product (Kd = 143 nM). A difference in electrophoretic mobility was observed between enzyme-substrate and enzyme-product complexes suggestive of structural differences between them. The Kapp value found for sinefungin, with the hemimethylated EcoRV sequence, was 10.9 mM.